Conversion Factors
Inch-pound units of measurement used in this report may be converted to the International System of Units (SI) using the following factors: 
INTRODUCTION
High-flow magnitude and frequency information is needed for design of future reservoirs and for safety evaluation of existing reservoirs. In design of new reservoirs, the information in this report will be particularly useful for small reservoirs whose small size cannot justify elaborate hydrologic modeling. Even for large reservoirs, this report's information may be superior to synthetic hydrographs based on estimated runoff relations and average storm patterns because it is based on adequate records of observed flows.
Inspection of existing reservoirs must include consideration of the volumes of flood water they can safely store or pass through. In addition, State regulations require certain classes of new reservoirs to provide floodcontrol storage equal to the inflow volume of specified frequency. This report can be used directly for that purpose.
This report applies only to high flows of 1-day and longer duration, unaffected by major regulation. For regulated flows, downstream from major reservoirs, the responsible agency in most cases has determined expected high-flow magnitudes by detailed site-specific studies that include consideration of inflow, storage, evaporation, and reservoir-operation plans. Rood-peak magnitude and frequency are covered in other reports, most recently in Technical Report 11 of the Kansas Water Resources Board (Jordan and Irza, 1975) .
This study was conducted by the U.S. Geological Survey in cooperation with the Kansas Water Office. Streamflow data analyzed were from gaging stations operated by the U.S. Geological Survey in cooperation with several State and Federal agencies.
Previous Studies
Results of the first comprehensive study of high flows (other than peak flows) in Kansas were reported by Furness and others (1964) . The study was based on Streamflow records through 1960 for which the smallest drainage area was 92 square miles. The report not only included high-flow probabilities and storage requirements at gaging stations but also a procedure for estimating storage requirements for ungaged sites with drainage areas of 150 to 7,500 square miles.
A series of working papers were prepared for the "Missouri River Basin Comprehensive Framework Study." High-flow magnitude and frequency for the Missouri River basin part of Kansas, based on streamflow records through 1963, were included in these papers, as described by the Missouri River Basin Inter-Agency Committee (1969) .
Regression equations for estimating high-flow magnitude and frequency at ungaged sites were reported by Jordan and Hedman (1970) for selected recurrence intervals and durations of high flow. High-flow statistics, without frequency analysis, were given in two reports of Streamflow statistics based on records through 1976 (Jordan, 1978 (Jordan, , 1979 . This study is limited to streamflow that is not significantly affected by regulation. Data from gaging stations downstream from major flood-control reservoirs, therefore, were excluded from the study. Not excluded, however, were gaging stations having flows affected by diversions for water supplies, by return flows from municipal or industrial use or from irrigated fields, and by structures such as low dams. These influences were assumed to have small effects on the high flows analyzed in this report, although in some cases the effects on longduration (for example, 183-day) flows could be significant. A few of the gaging-station records used in the analysis were affected by small reservoirs in watershed districts during the later part of their records. These reservoirs affected small parts of the drainage to the stations used and were judged not to have significant effects on the high-flow magnitude-frequency values determined for this report.
Many stations at sites that are now affected by significant regulation of high flows were in operation before the reservoirs were built. Records of the earlier, unregulated flows were analyzed to aid in determining relations to basin characteristics, but high-flow magnitudes at these stations are not tabulated in this report because they are not applicable to current (1983) conditions. Stations having at least 10 years of record of unregulated streamflow through 1980 were used in this study where available and applicable. For a few stations, records through 1981 were used. Stream gaging in Kansas began in the 1890's, so a few stations have long records. However, many of the first stations were on streams, such as the Kansas River, that now have regulated flow. Other early stations had their records interrupted for a substantial number of years. The longest record available for this study was 58 years, and four stations had more than 50 years. For most small basins having less than 150 square miles of drainage area, 1964 was the earliest record available; 25 basins were this small, and the smallest was 2.06 square miles.
In the western part of Kansas (west of 99° longitude) streamflow conditions have changed markedly since about 1965 (Jordan, 1982) . For these streams, data were analyzed for a limited recent period, 1966-80, as well as for the complete period of record.
The location of the gaging stations used in this study is shown in figure 1 for both those stations without significant regulation of flow and those now having regulation for which preregulation records were used.
Analysis of high-flow data began with the determination of the highest average flow for periods of 1, 3, 7, 15, 30, 60, 90, 120 , and 183 consecutive days in each water year, October 1 through September 30. These data through 1976 are reported by Jordan (1978 Jordan ( , 1979 . Highest average flows for more recent years were determined by the same method, a computer program in the U.S. Geological Survey's WATSTORE water-data storage and retrieval system.
Frequency analysis was performed by fitting a logPearson Type-Ill distribution to each series of high flows. The log-Pearson Type-Ill method has been adopted by the U.S. Water Resources Council (1967, 1981) for frequency analysis of peak flows. No problems were encountered in applying the method to high flows of 1-day to 183-days duration. A few stations had high flows of zero (less than 0.05) cubic feet per second for some years, and a standard conditional-probability adjustment was used for these stations. In contrast to peak-flow data for many stations where information is available on historic peak flows outside the period of systematic record and can be used to improve the frequency calculations, high-flow data for 1 day and longer are available only for the period of systematic record. As recommended by the U.S. Water Resources Council (1981) , the skewness coefficient used in each frequency computation was the weighted average of the coefficient calculated from the station's data and the coefficient determined from a method of generalization. The methods of generalization and weighting used for this report are explained in the "Supplemental Information" section. An example of data used and the fitting of a log-Pearson Type-Ill distribution are shown in figure 2.
Results of Analysis
Results of the frequency analyses for stations now having unregulated flow are given in table 6 at the end of this report. For streams in the western part of the State (west of 99° longitude), results from records for 1966-80 are shown in addition to those from the entire period of record. The 1966-80 results may be better estimates of high flows for current (1983) conditions than calculations using data prior to 1966. However, the short period of record since 1965 causes the results to be erratic; for example, some 1966-80 frequency values are higher than those for the full period of record. The drainage areas shown in table 6 are the areas that directly contribute to 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 
HIGHEST HEAN VALUE AND RANKIN& FOR THE FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR ENDING SEPTEMBER 30 OISCHARGE-(CFS) HEAN FANCY C AT WINKLER, KS I

YEAR
4
High Flows of Unregulated Streams in Kansas surface runoff. These direct contributing areas are more pertinent to analysis of high flows than the total drainage areas.
Accuracy
The concept of the accuracy of frequency values is clearly stated by the Hydrology Committee of the U.S. Water Resources Council (1981, p. 9-1). The statement was written for peak flows but applies equally to high flows of 1-day or longer duration:
The record of annual peak flows at a site is a random sample of the underlying population of annual peaks and can be used to estimate the frequency curve of that population. If the same size random sample could be selected from a different period of time, a different estimate of the underlying population frequency curve probably would result. Thus, an estimated flood frequency curve can be only an approximation to the true frequency curve of the underlying population of annual flood peaks. To gauge the accuracy of the approximation, one may construct an interval or range of hypothetical frequency curves that, with a high degree of confidence, contains the population frequency curve. Such intervals are called confidence intervals and their end points are called confidence limits.
As indicated by this statement, accuracy of the dischargefrequency values presented herein is best at the 2-year and poorest at the 100-year recurrence interval. Good accuracy is associated with long records and low variability of discharge. Upper and lower confidence limits for each discharge frequency can be calculated by a complex procedure presented by the Water Resources Council (1981, Appendix 9). However, for the purpose of this report a simpler approach is taken.
The standard error of an estimate, as explained in most textbooks on basic statistics, is a statistical measure of the accuracy of the estimate. In error distributions commonly encountered in a large group of similar calculations, about 68 percent of the calculated values are within one standard error of the true value. For this report, approximate standard errors were calculated by the method presented by Nash and Amorocho (1966) . In table 6 (at the end of this report), a footnote on each of the four extremes for each station indicates the approximate percentage standard error. Since the calculations are from logarithmic data, the actual percentage standard errors are not equal in the positive and negative directions, but the average of the positive and negative values without regard to sign is shown. For the average of 20 percent, the directional standard errors are +22 and 18 percent; for the average of 50 percent, the directional standard errors are +62 and 38 percent.
HIGH-FLOW FREQUENCY ESTIMATES AT UNCAGED SITES
High-flow magnitude-frequency information may be needed at innumerable sites other than the 91 gaging stations that are shown in table 6 (at the end of this report). In this section of the report, "ungaged sites" comprises all stream sites that are not in table 6 and that are not affected by major regulation of high flow. Such sites include gaging stations having short-term records of streamflow ([ess than 10 years) as well as sites never gaged. An "ungaged" site may be on the same stream as one of the stations in table 6. If close enough, data for that station will be useful in making an estimate. If far from a station in table 6 or for an ungaged stream, the estimate can be made by using relations to physical and climatic basin characteristics. The relations to physical and climatic characteristics will be described first, then the use of these relations together with data in table 6, where applicable, will be described.
Relations of High-flow Frequency to Basin Characteristics
High-flow data used in this study were for the stations in table 6 plus stations on currently regulated streams for which preregulation records were used ( fig.  1 ). For the basins west of 99° longitude, the frequency values for 1966-80 were used in order to represent current (1983) conditions. However, the 1966-80 period of only 15 years, together with the generally inconsistent nature of streamflows in western Kansas, reduces the reliability of the results for that region.
The high-flow frequency values can be identified by abbreviations in the form d,Q^, where Q is the average high flow for d consecutive days and T is the recurrence interval in years. For example, 15,<2» identifies the 15-day high flow for a 50-year recurrence interval.
Selection of physical and climatic characteristics for study was made after examining similar analyses, such as those by James (1968) , Jordan and Hedman (1970), and Jordan and Irza (1975) . The basin characteristics that were examined are defined as follows: Contributing-drainage area (CDA), in square miles, is the drainage area that contributes surface runoff to the site. For most sites in Kansas, the contributing-drainage area is equal to the total drainage area. The method of determining the contributing-drainage area for sites where part of the total drainage does not contribute to surface runoff is explained in Technical Report 11 of the Kansas Water Office (formerly Kansas Water Resources Board) (Jordan and Irza, 1975, p. 25-27) . Main-channel length (L) , in miles, is the length of the 50-year, 24-hour rainfall (150) , in inches, was determined for the centroid of each basin from a map shown in the report by Hershfield (1961) . The 750 was used as the rainfall characteristic because it was found to be slightly more significant statistically than several other indices to the general rainfall magnitude and intensity. The distribution of 50-year, 24-hour rainfall (750) is shown for Kansas in figure 3 . Free-water-surface evaporation (EV), in inches, is the average annual evaporation at the centroid of the drainage basin from map 3 of Farnsworth and others (J982). The Kansas part of the map is shown in figure 4 . Soil permeability (PS), in inches per hour, is determined from a generalized soil map (Jordan and Irza, 1975, % 9) . Pertinent statistical properties of the physical and climatic characteristics are shown in tables 1 and 2. A wide range of values for each characteristic used is desirable for detecting the relationship to the high flow.
Low correlations between characteristics are desirable to prevent some relations from being obscured by random variation.
The standard least-squares multiple-regression technique was used in the statistical analysis. The technique, which is described in numerous textbooks, has been applied widely in hydrology, including studies of both peak flow and high flow (Benson, 1962 (Benson, , 1964 Jordan and Hedman, 1970; Thomas and Benson, 1970; Jordan and Irza, 1975) . In order to achieve a nearly linear relationship between high flows and basin characteristics, all values were converted to their logarithmic equivalents. The resulting multiple linear regression model is of the general form: analysis. In order to use the linear model described above, after examination of the residuals as explained in the "Supplemental Information" section, the characteristic 750 was used in the form (750-4.0), and EV was used in the form (TiF-20.0). These two characteristics and CDA were the only ones found to be significant enough statistically (5-percent level) to include in the regression equations. The resulting form of equation 2 is: For an example of the application of a regression equation to estimate a high-flow magnitude-frequency value at an ungaged site, assume that an estimate of the 15-day, 10-year high flow is needed for a site on Wolf Creek near its mouth in Lincoln County, Kansas. A gaging station was in operation at the site during 1946-53 but has less than 10 years of record; so the site is considered "ungaged" for this purpose. 
Accuracy of this estimate is indicated in table 3 by a standard error of estimate of 33 percent. This is the estimate that would be used if table 6 (at the end of this report) did not include data for a gaging station on the same stream.
Ungaged Sites On Gaged Streams
If the ungaged site is near a gaging station listed in table 6 on the same stream, the data for the gaging station can be used to improve the estimates resulting from application of the regression equations. The recomended procedure is to use a weighted estimate, Qwu :
WE is the weighting factor (explained below) for QEu ; QEu is the high-flow value from application of the regression equation at the ungaged site; Wg =1.0-WE and is the weighting factor for Rg' , and Rg = Qgg/QEg> a regression adjustment factor, where Q^ is the high-flow value determined from gaged data (table 6) , and QEg is the highflow value from application of the regression equation at the gaging station.
The recommendation for WE is to (arbitrarily) assume that the station data in table 6 provide the best estimate at the station and that the regression equation provides the best estimate where the area draining to the ungaged site (Au ) is less than one-half or more than double the area draining to the gaging station (Ag). Thus, where Au /Ag =l.Q, Jf£ =0.0; where Au /Ag <0.5, WE = 1.0; and where A u /Ag >2.0, Jf£ =1.0. Between these points, a convenient interpolation formula can be used: = 0.5-0.5 cos(4.53 In In using this formula, interpret the expression in parentheses as an angle in radians. The weighting factor WE also can be determined from figure 5, the graph of equation 7.
Basin characteristics used in the regression equations are shown in table 4 to facilitate calculation of Rg for the gaging stations in table 6.
The "ungaged" site on Wolf Creek near its mouth will be used for an example of the method of improving a regression estimate. Figure 1 and table 6 show station 06868400 on Wolf Creek in Russell County. From table 6, station 06868400 has a contributing-drainage area of 163 square miles and a 15,Qu> (QB) of 487 ftVs. The ratio A u/Ag is 261/163 = 1.60, which is within the range where the method is applicable. The regression result at station 06868400 can be calculated using the basin-characteristics data in table 4, with the same regression constant and exponents that were previously used for the ungaged site: Regression equations are given for estimating highflow magnitude and frequency for ungaged sites or gaging stations that have less than 10 years of record. The drainage-basin characteristics used in the equations are contributing-drainage area, 50-year, 24-hour rainfall, and free-water-surface evaporation. Standard errors of estimate range from 31 to 49 percent, generally increasing with recurrence interval. If an ungaged site is near a gaging station having 10 or more years of record on the same stream, the gaging-station data may be used to improve the estimates.
SUMMARY
High-flow magnitude and frequency data are given in this report for 91 streamflow-gaging stations where flow is unaffected by major regulation, such as by large reservoirs. Equations are given for estimating high-flow magnitude and frequency at ungaged sites. Data or estimates of high flow are needed for evaluation of such factors as flood-control storage and dam safety.
Results of frequency calculations are given for durations of high flow of 1, 3, 7, 15, 30, 60, 90, 120 , and 183 consecutive days. The calculations were made by using the log-Pearson Type-Ill distribution with a weighted-average skew coefficient calculated from a regionalized value and a value from the station data for each gaging station. Because of changes in flow charac- 
SUPPLEMENTAL INFORMATION Explanation of Selected Statistical Terms
For purposes of hydrologic analysis and design of flood-control reservoirs, the degree of extremity of a high flow is expressed by its probability ofexceedence. A very low probability indicates an extreme flow. A high flow that has a probability of 2 percent has a 2-percent chance of being exceeded in any 1 year. Another interpretation of the probability concept is that during a period of 1,000 years, if all conditions remain the same, about 20 of the years will have high flows exceeding the 2-percent probability flow.
Although the concept of probability is the most meaningful way of classifying and comparing extreme hydrologic events, the terminology in more common use is the recurrence interval, in years, which is 100 times the reciprocal of the probability when the probability is in percent. Thus, a 2-percent probability high flow has a recurrence interval of 50 years. A high-flow magnitude having a recurrence interval of T years is expected to be exceeded an average of once in each period of T years. That magnitude may be exceeded more than once in any particular period of T years, or no flow exceeding that magnitude may occur during an equivalent period. The fact that a flow of given magnitude occurs in 1 year does not reduce the probability of a flow of equal or greater magnitude occurring during the next year.
Recurrence intervals in this report are based on the annual series of high flows. For this series, only the highest flow of each selected number of days for each year is used even though the second highest in 1 year may have exceeded the highest of some other year. Use of the annual series permits simple, straightforward computations and interpretation of recurrence intervals.
In the statistical calculation of a regression equation, the dependent variable is the variable whose magnitude is to be calculated from the values of the other variables. In this report, the dependent variable is always a high-flow magnitude, known for gaged sites and unknown for ungaged sites. The independent variables are the variables to be used in calculating an estimated value of the dependent variable. The values of the independent variables are known for gaged sites and are known or can be measured for ungaged sites. Independent variables are not required to be unrelated to each other, although some difficulties of interpretation and applicability can occur if they are closely related.
When a regression equation is developed, a residual is the amount by which an observed magnitude of the dependent variable differs from the magnitude calculated from the independent variables. Study of residuals is an important part of the use of the statistical regression technique. When residuals for each step of a stepwise regression are plotted against each independent variable, the plots can reveal any significant nonlinearities that may occur within the range of the data studied. Different transformations of the data then may be used to produce linear relationships and reduce the errors of the estimate. When residuals are plotted on a map, they may show the effect of some variable or variables that differ geographically but which are not included in the regression. The map, together with the hydrologjst's knowledge of the region, may provide a clue to the missing variables.
In this report, standard error of estimate is the measure of the errors associated with the calculation of high-flow magnitude by a regression equation. Standard error of estimate, originally calculated in logarithmic units, can be interpreted to represent percentage errors. The percentages are unequal in the positive and negative directions. For example, a standard error of estimate of 0.17 logarithmic units represents errors of +48 percent and 32 percent; the average of the two percentages without regard to sign is 40 percent. In a large number of similar calculations, about two-thirds of the calculated high-flow magnitudes would be within the stated percentages of the true magnitudes.
Mean, standard deviation, and skewness coefficient are defined in standard textbooks on statistics, and their specific definitions are not repeated in this report. Their general meanings are that the mean is a measure of the central tendency of a group of data, standard deviation measures the variability, and skewness coefficient measures the degree and direction of departure from a symmetrical distribution.
Regionalization of Skew Coefficients
Log-Pearson Type-Ill frequency tables for high flows are calculated from three parameters for each set of data the mean, the standard deviation, and the skew coefficient. Because the mean is calculated from each data value to the first power, the standard deviation from data value to the second power, and the skew coefficient from each data value to the third power, the mean is the most stable (has the least variation between time samples) and the skew coefficient the least stable. In a typical time sample of 15 to 25 years the calculated skew coefficient can be drastically affected by a single extremely high or low discharge value in 1 year. Therefore, it is desirable to use information from a group of stations having long periods of record instead of a single station having a short-term record in determining the best value of skew coefficient to use for a particular frequency calculation.
Selection of Records for Study
The Hydrology Committee of the U.S. Water Resources Council used records of 25 years and longer through 1973 in producing a map of the United States showing the regional variation of skew coefficients of peak flows. In Kansas there are now numerous stations that have records of 29 years or longer (through 1980) of unregulated high flow, including records of flow prior to reservoir construction. Therefore, the decision was made to use 29 years as the minimum record length for the final determination of regionalized values for skew coefficients. However, some 21-28 year records were used in the preliminary step of identifying regions.
Relation of Skew Coefficient to Duration of High Flow and to Location
Because high-flow frequency distributions are calculated for nine different durations of consecutive days, the variation of skew coefficients with number of days had to be considered as well as the regional variation.
The regional variation was examined first for a short duration (3 days) and for a long duration (120 days) by plotting the skew coefficients on a map of the State. The 3-day coefficients showed the most variation and were used in identifying the geographic trends. The geographical variation of these coefficients was such that it could not reasonably be described by contour lines. Instead, the coefficients showed a grouping in three distinct regions ( fig. 6 ), although the western region exhibited large, apparently random variation. Next the variation of skew coefficient with number of days was examined within each of these regions. Variations in the northeast region are shown in figure 7. In each region the median coefficient for each number of days and for the peak was calculated. Coefficients for peak discharges were included for aid in determining relations. The regionalized coefficients to be used were determined by drawing a smooth curve averaging the median coefficients, then rounding the curve values to the nearest 0.1 skew unit. Table 5 shows the resulting regionalized skew coefficients.
Weighting of Regional and Station Skew
The regionalized skew coefficient and the coefficient calculated from station data can be combined to give a better estimate of the skew coefficient for a given station (U.S. Water Resources Council, 1981, p. 12). The regionalized and station skews are weighted in inverse proportion to their individual mean-square errors. The mean-square error of station skew is a function of record length and station skew and was determined from table 1 of the U.S. Water Resources Council report (1981) . The mean-square error of the regionalized skew was calculated from the variation of the coefficients within each region for record lengths of 29 years and longer. 1 .
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